Synergistic action of upstream elements and a promoter-proximal CRE is required for neuroendocrine cell-specific expression and second-messenger regulation of the gene encoding the human secretory protein secretogranin II.
Secretogranin II (SgII) is a secretory polypeptide stored in large dense core vesicles of neuroendocrine and neuronal cells. In order to characterize the molecular mechanisms underlying the tissue-specific expression of the SgII gene and its regulation by second-messenger pathways in endocrine and neuronal cells, we have cloned and characterized the human SgII gene. Sequence analysis revealed the existence of numerous putative cis-regulatory elements in the SgII gene promoter, including a consensus cyclic AMP-responsive element (CRE). Constructs containing different portions of the human SgII promoter fused to the luciferase reporter were transfected in AtT-20, SH-SY5Y, LLC-PK1 or COS-7 cells. Northern blot analysis showed that the endogenous SgII gene is more highly expressed in AtT-20 cells than in SH-SY5Y cells, and not expressed at all in LLC-PK1 cells. Treatment by forskolin or 12-O-tetradecanoylphorbol-13-acetate (TPA) caused a 1.5- and 10-fold increase, respectively, in SgII mRNA levels in SH-SY5Y cells but not in AtT-20 cells. Transfection experiments revealed that 4 kb of the human SgII promoter is sufficient to impart cell-specific expression of the reporter gene in the four cell lines studied. Specifically, in AtT-20 cells, a positive element located between -1.38 and -4 kb, in addition to the CRE, is responsible for the high expression of the SgII gene. In SH-SY5Y cells, a negative element located between -0.66 and -1.4 kb represses the activating effect of the CRE leading to an overall lower activity of fusion genes in these cells compared to the activity in AtT-20 cells. Finally, the promoter activity was very low in LLC-PK1 and COS-7 cells. Forskolin and TPA stimulated the activity of a SgII-luciferase fusion gene in SH-SY5Y but not in AtT-20 cells. Disruption of the CRE abolished the stimulatory effect of forskolin and TPA. These data suggest that the basal activity of the human SgII gene relies on cell-specific trans-acting factors in addition to factors that bind to the CRE and show that the regulation of this gene by second messengers is cell-specific and requires an intact CRE.